ABSTRACT: Silicon is not considered an essential element for plant development and growth, but its absorption brings several benefits to some crops, especially rice, by increasing cellular wall thickness, providing mechanical resistance to the penetration of fungi, improving the opening angle of leaves and making them more erect, decreasing self-shading and increasing resistance to lodging, especially under high nitrogen rates. To evaluate the effects of nitrogen and silicon fertilization on vegetative and yield components, plant height, and yield of rice cultivar IAC 202, an experiment was carried out combining three nitrogen rates (5, 75 and 150 mg N kg -1 soil) applied as urea, and four silicon rates (0, 200, 400 and 600 mg SiO 2 kg -1 soil) applied as calcium silicate. Trial was set up in a completely randomized design 3 × 4 factorial scheme, (N = 5). Nitrogen fertilization increased the number of stems and panicles per square meter and the total number of spikelets, reflecting on grain productivity. Excessive tillering caused by inadequate nitrogen fertilization reduced the percentage of fertile stalks, spikelet fertility and grain mass. Silicon fertilization reduced the number of blank spikelets per panicles and increased grain mass, but did not affect grain productivity. Key words: Oryza sativa L., silicon, nitrogen, yield components
INTRODUCTION
Rice is a staple food in the diet of the Brazilian population and is produced throughout the country, under different conditions and production systems. In the upland ecosystem, rice is grown in dryland or sprinklerirrigated systems, and represent 66% of the total rice planted area of Brazil, but contributes only 31% to the country's rice production. The low productivity of rice obtained in dryland systems is a consequence of a set of biotic and abiotic factors, among which are the occurrence of diseases, inadequate rainfall distribution in the main producing regions and little use of fertilizers and lime.
The search for new technologies that will enable the expansion of the producing area as well as productivity has featured the use of silicon fertilization in rice crops as a promising alternative.
Silicon is not considered within the group of nutrients that are essential or functional for plant growth, but its absorption brings several benefits, especially for rice, such as the increase of cell wall thickness below the cuticle (Yoshida et al., 1962) imparting mechanical resistance to the penetration of fungi, decrease in transpiration (Yoshida et al., 1962) , and improvement of the leaf angle, making leaves more erect, thus reducing self-shading, especially under high nitrogen rates (Yoshida et al., 1969) .
In terms of yield components, silicon increases the number of spikelets per panicle (Ma et al., 1989; Deren et al., 1994; Takahashi, 1995) , spikelet fertility (Barbosa Filho, 1987; Takahashi, 1995) , and the mass of grains (Balastra et al., 1989; Carvalho, 2000) . With regard to the number of panicles, results found in the literature are contradictory: Takahashi (1995) found an increase for this trait, while Ma et al. (1989) , Deren et al. (1994) and Carvalho (2000) did not observe significant increases. This demonstrates that the element is essential, from an agronomic standpoint, to increase and/or provide sustainable yields of rice crop (Barbosa Filho et al., 2000) .
Nitrogen is essential for plant growth and development, and is often a limiting factor for high productivities. However, when applied in excess it may limit yield because of lodging, especially for cultivars of the traditional and intermediate groups, and promote shading and disease problems. These effects could be minimized by the use of silicon. Therefore, this paper aims to evaluate the effect of silicon and nitrogen rates on upland rice, and their interaction with yield components and grain productivity.
MATERIAL AND METHODS
The experiment was installed and conducted inside a plastic tunnel house from 11/30/99 to 03/25/00, in Botucatu, SP. Brazil. The soil was a dystrophic Clayed, Rhodic Hapludox, and its chemical analysis indicates: P = 1mg dm 14 mmol c dm -3 ; Ca 2+ = 2.3 mmol c dm -3 ; Mg 2+ = 0.5 mmol c dm -3 , Al 3+ = 4 mmol c dm -3 , and V% = 4.36. Liming was performed 60 days before sowing to raise the V% to 50 (Raij et al., 1996) , using dolomitic lime with a ECCE of 85%.
The experimental design consisted of a completely randomized design, 3 × 4 factorial scheme, with five replicates. Each unit consisted of a pot with internal dimensions of 40 × 40 × 25 cm, containing 30 kg of soil and 2 sowing rows 40 cm in length and spaced 20 cm apart. The rice cultivar was IAC-202.
Treatments corresponded to the application of 5, 75 and 150 mg N kg -1 soil, as urea (45% N), and 0, 200, 400 and 600 mg SiO 2 kg -1 soil, equivalent to 0, 93, 187 and 280 mg Si kg -1 soil, utilizing calcium silicate (Wollastonite): total silicon oxide (SiO 2 ) = 45.2%; pH in water = 7.0 to 7.5; solubility in water negligible; 91% calcium silicate.
Sowing was performed on 11/30/99, using 70 viable seeds per row. Emergence date was considered to be six days after sowing, when 50% of the seedlings in each experimental unit showed coleoptile above the soil level. Thinning was made nine days after emergence, to 30 plants per row. One of the sowing rows was utilized to determine plant height, number of stalks and panicles per square meter, percentage of fertile stalks, numbers of grained and blank spikelets per panicle, spikelet fertility, mass of 1000 grains and productivity. Recorded date were submitted a variance analysis. For nitrogen factor, results were compared by the Tukey test 0.05, while for the silicon factor and interaction of the factors (nitrogen x silicon), a regression analysis study was carried out.
RESULTS AND DISCUSSION
No foliar diseases occurred during the experiment. The number of stalks was associated to sowing density and to tillering ability of the genotype. As all experimental units were maintained with 30 plants, the observed increase in the number of stalks as a response to nitrogen fertilization was related to the cultivar stimulation to produce tillers, which is related to the greater nitrogen availability to plants (Table 1) .
The number of panicles is defined during the period from germination to ten days after the panicle primordium is visible (Fornasieri Filho & Fornasieri, 1993; Machado 1994) , since it occurs as a direct function of the number of stalks depending, therefore, on genetic and environmental factors. Increment of panicle number occurred with increasing nitrogen rates (Table 1) . This behavior is a consequence of the participation of N in structural functions of the plant, such as cell multiplication and differentiation, genic inheritance and formation of tissues (Malavolta et al., 1997) . These results agree with those reported by Barbosa Filho (1987 , 1991 ), Fornasieri Filho & Fornasieri (1993 , and Arf (1993) .
Results found for silicon contradict those obtained by Barbosa Filho (1987) and Takahaski (1995) , but agree with those of Ma et al. (1989) , Deren et al. (1994) and Carvalho (2000) , who also did not find significant differences for number of panicles. Silicon would have little effect on the vegetative stage, at which this component is defined (Ma et al., 1989) . Since no organic molecule is known to be associated to silicon in plants (Exley, 1998) , no statement can be made about the influence this element has on defining this component.
The number of stalks does not constitute an yield component, neither does the percentage of fertile stalks. This variable expresses the percentage of stalks that actually produced a panicle, which decrease with increasing rate of N ( Table 1 ). The reduction in fertile stalks could be related to the greater number of stalks produced as nitrogen fertilization increased, which could have caused a smaller number of vegetative buds to become reproductive. High nitrogen rates induce the formation of large number of stalks and leaves, creating unfavorable conditions to yielding, such as shading and lodging (Barbosa Filho, 1987 and 1991) . The increase in number of stalks, provided by the increasing rates of nitrogen fertilization, contributed to increase the number of leaves, which could have caused shading, decreasing the area of active photosynthesis and diminishing the production of carbohydrates. This would not have been sufficient to ensure panicle primordium differentiation, panicle growth and stalk elongation. As a consequence, some stalks produced panicles, and others did not.
The total number of spikelets is determined during the reproductive stage (Fornasieri Filho & Fornasieri, 1993; Machado, 1994) . The definition of this component begins with the differentiation of the vegetative into a reproductive bud, giving origin to the panicle primordium, and ends at booting (Machado, 1994) . Nitrogen fertilization elicited an increase of this variable (Table 1) , and the result is associated to a greater availability of nitrogen, since this nutrient is related to the formation of tissues (Malavolta et al., 1997) . In addition, in the case of rice, the little availability of this element during the period between differentiation of the panicle primordium and differentiation of spikelets in the panicle branches, significantly reduces this yield component (Fornasieri Filho & Fornasieri, 1993 Table 1 -Number of stalks and panicles per m 2 , percentage of fertile stalk, total number of spikelets and number of grained spikelets, and percentage of fertile spikelets in upland rice, as a function of silicon and nitrogen rates 1 .
1 Means followed by a common letter do not differ by Tukey test 0.05. 2 **, * e ns, respectively: significant at the 0.01 and 0.05 probability, and non significant.
(1993), who did not obtain an increase in the number of spikelets per panicle as the levels of nitrogen increased. That probably happened because N contents in the soil were at a sufficient level for spikelets on panicle branches to differentiate, and because the cultivars utilized belonged to the traditional group, particularly characterized by their poor response to nitrogen fertilization. Silicon rates did not influence number of spikelets per panicle (P > 0.05) in opposition to results of Deren et al. (1994) and Barbosa Filho (1987) , who verified a positive response to the application of this element. However, Carvalho (2000) , also did not observe any influence of silicon fertilization on this yield component.
The number of grain-bearing spikelets also differed for nitrogen rates; higher values were recorded for the rate of 75 mg of N kg -1 of soil (Table 1 ). The tendency of reduction observed in the rate of 150 mg de N kg -1 ) was probably caused by self-shading, resulting from greater leafiness and decumbence of leaves, yielding smaller production of photoassimilates. No differences were found for effects of silicon rates on grained spikelets (P > 0.05), conversely to reports by Barbosa Filho (1987) . The reproductive stage is the most affected by the absence of silicon, with a reduction of up to 40% in the number of grain-bearing spikelets, and 10% in the total number of spikelets per panicle (Ma et al., 1989) .
The number of blank spikelets was influenced by the N×Si interaction. Notwithstanding, only the highest N rate was affected by the application of Si, resulting in a decrease in the number of blank spikelets (Figure 1 ). Such effect can be explained by improvement in plant architecture (Deren et al., 1994) , which results in smaller opening of the leaf angle verified visually in the present work. Leaves become more erect, thus reducing self-shading and increasing photosynthesis rate, especially under conditions of high population densities and high doses of nitrogen (Yoshida et al., 1969) , as observed. The combination between high nitrogen rates and the absence and/or low silicon rates tend to turn leaves more decumbent, as a result of greater leaf opening angles (Yoshida et al., 1969) . As it was observed at the rates of 5 and 75 mg N kg -1 soil, increasing levels of silicon fertilization did not change the number of blank spikelets. However, at the rate of 150 mg N kg -1 soil, number of blank spikelets decreased with increasing levels of silicon fertilization.
Spikelet fertility expresses the percentage of spikelets that turned into grain. This yield component is dependent upon pollen grain meiosis, anthesis, pollination, fertilization and carbohydrate translocation, and is influenced by prevalent environmental conditions, especially around 10 days before and after flowering, as well as by excessive rates of nitrogen fertilizers (Machado, 1994) .
Nitrogen fertilization did modify spikelet fertility. This behavior could be related to the fact that at the vegetative stage there was greater amount of nitrogen available for the plant, which increased tillering and number of panicles (Table 1) . Greater tillering caused shading, reducing the area of active photosynthesis, therefore reducing the production of assimilates, that otherwise would be directed to grain filling, and increasing the number of blank spikelets, consequently reducing spikelet fertility.
Silicon seems to play a role on spikelet fertility, but no mechanism or action site through which silicon would act on this yield component is known (Ma et al., 1989) . No effect of silicon rates on spikelet fertility was observed in the present study.
Only nitrogen rates affected plant height. A reduction in plant height was observed as nitrogen rate in- Table 2 -Plant height, mass of 1000 grains and productivity in upland rice as a function of silicon and nitrogen rates 1 .
1 Means followed by a common letter do not differ by Tukey test (P < 0.05) 2 **, * e ns, respectively: significant at the 0.01 and 0.05 probability, and non significant. creased. This result contradicts findings by Arf (1993) , who observed increasing plant height with increasing nitrogen fertilization level.
Grain mass is a quite stable variety trait, and depends on hull size, determined during the two weeks that precede anthesis, and on caryopsis development after flowering. Therefore, it depends on carbohydrate translocation, in the first seven days, to fill the hull in the direction of its length, and in the seven days that follow, to increase in width and thickness (Machado, 1994) .
Increasing nitrogen rates reduced the mass of 1,000 grains (Table 2) , probably because the amount of carbohydrates was not sufficient to fill the greater number of spikelets produced (Table 1) . These results are similar to those obtained by Arf (1993) , who verified a reduction in the mass of 100 grains for cultivar Rio Paranaíba in the order of 0.0011g per kg of applied nitrogen. However, they diverge from results of Stone et al. (1999) , who did not observe differences for the mass of 1,000 grains as nitrogen rates increased.
The mass of 1,000 grains increased as the level of silicon fertilization increased (Figure 2 ). Even though silicon deposition on rice grain hulls was not evaluated, the likely explanation for the increase in grain mass would be the greater deposition of this element on the paleae and lemmas, as reported by Balastra et al (1989) . This greater deposition is attributed to intense panicle transpiration during the grain filling stage, since the process of transportation and deposition of silicon in plant tissues depends upon the transpiration rates that occur in different plant organs (Yoshida et al. 1962) . When a given plant organ is developing, transpiration tends to become more intense, and consequently silicon deposition tends to be higher. This result corroborates those found by Balastra et al. (1989) , Deren et al. (1994) and Carvalho (2000) , who also observed increasing grain mass with increasing levels of silicon fertilization.
When the results of grain yield are analyzed (Table 2) , the higher yield occurred in the rate of 75 mg of N kg -1 of soil. The application of the higher N rates did not reflect in yield improvement, but in reduction. High nitrogen rates stimulate tillering and the formation of new leaves, causing shading, a condition that favor diseases, lodging and reductions in productivity (Malavolta & Fornasieri Filho, 1983; Barbosa Filho, 1987; 1991) . No lodging or diseases were observed. Therefore, reduction in productivity with increasing nitrogen fertilization level probably resulted from the sum of several factors, particularly the increase in number of stalks (Table 1) and greater leaf development, which created shading conditions, diminishing the leaf area for active photosynthesis. That caused plants not to have enough carbohydrates to fill up all spikelets produced as the nitrogen fertilization level increased (Table 1) , contributing to increase the number of blank spikelets and to decrease fertility (Table  1) , lowering productivity. 
